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Radio Galaxy M 87

• Distance:
~16 Mpc

• Central BH:
MBH~ 6×109 M⊙

• Jet angle: ~30°

• Giant outer radio lobes
0.2 x 0.2 deg

• Highly structured inner jet (knots) resolved 
in radio, optical, X-ray

• Apparent superluminal motion in jet
➠ relativistic particle population
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M 87 at very high energies

• First evidence for VHE emission 
1998/99 (HEGRA)

• Detection by H.E.S.S. (2003-2006)
Signal confirmed by MAGIC & VERITAS

• VHE flare and fast variability (2005)

‣ Discovery of vast variability on time-scales 
of days strongly constrains emission 
region R < 5×1015 cm ~ 5×δ×RS

• Detected at HE by Fermi (2008/9)
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Origin of the VHE emission?

• Possible mechanism/sites
for VHE emission

‣ Dark matter annihilation ✖

‣ CR in M 87 ✖

‣ Intra-cluster gas ✖

‣ Large scale jets ✖

‣ Inner/Outer-jet (Hadronic/Leptonic) ✔

‣ Knots? HST1? ✔

‣ Vicinity of black hole ✔

‣ ...

➡Further observations to ..

‣ .. confirm short-term VHE variability

‣ .. pin down location of VHE emission
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2008 Campaign - Instruments
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MAGIC
H.E.S.S.

VERITAS

VHE

H.E.S.S., MAGIC, & VERITAS collected >120 h of data from Jan to Jul 2008 

Acciari et al. 2009, Science Express, Jul 2



2008 Campaign - VHE Results
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Albert et al. (MAGIC Collaboration) 2008,
Beilicke et al. (HESS/MAGIC/VERITAS) 2008

H.E.S.S. MAGIC VERITAS
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Fig.2: The combined M 87 light curves from 2007-2008. (A): The VHE γ-ray light 

curve (E > 350 GeV, nightly average), showing the H.E.S.S., MAGIC and 

VERITAS 2008 data with a coverage of more than 50 nights between Jan-May 

> 120 h obs. time• 50 nights

• Feb 08: 
increased VHE 
activity

• MAGIC and 
VERITAS 
detected rapid 
flares with tvar 
≃1 day



2008 Campaign - Instruments
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• VLBA observations at 43 GHz
C. Walker et al. 2009

‣ Resolution: 0.21x0.43 mas (30x60 Rs)

‣ Scale: <pc ➠ direct vicinity of the BH

‣ Movie project: 13 obs. in 2007, every three 
weeks; 14 obs. in 2008, every 5 days

• Chandra observations in X-rays 
since 2002
D. Harris et al. 2007/8/9

‣ Scale: kpc ➠ inner jet 

‣ Every 6 weeks

Radio

X-ra
y

Acciari et al. 2009, Science Express, Jul 2



2008 Campaign - MWL Results
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• VHE activity in Feb ‘08

• X-ray: core flux increases 

• Radio: inner core flux 
increases coinciding with the 
VHE flare

➡ Strong indication for VHE 
emission from the direct 
vicinity of the SMBH
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curve (E > 350 GeV, nightly average), showing the H.E.S.S., MAGIC and 
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Acciari et al. 2009, Science Express, Jul 2



M 87 - SED
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Fig. 5. Compilation of SEDs as measured during the past 10 years (see text for references).
Different model curves (discussed in the text) are shown as well. The data and modeling are
nonsimultaneous, so that only qualitative comparisons can be made.

pattern can be explained by an event in the central region causing the TeV gamma-
ray flare: particles can be accelerated by the electric field of vacuum gaps in the black
hole magnetosphere29 or due to centrifugal acceleration in an active plasma-rich
environment.30 Synchrotron and curvature radiation of the charged particles, and
inverse-Compton scattering of thermal photons can produce TeV gamma-ray pho-
tons. The plasma travels down the jet and the effect of synchrotron self-absorption
causes a delay of the observed peak in radio emission because the region is not
transparent at radio energies at the beginning of the injection.33

5. Future Questions

For further understanding of the TeV gamma-ray emission mechanisms, the fol-
lowing questions are of importance: (i) Can the TeV/radio pattern be observed
repeatedly? (ii) Can it be observed only for the nucleus, or possibly (in a similar
manner) for HST-1? (iii) Does the radio nucleus actually correspond to the posi-
tion of the black hole? (iv) How close to the black hole can the TeV emission be
constrained? Absorption effects play an important role here. (v) How to further
constrain the TeV/X–ray/radio emission mechanisms (more detailed sampling of
the lightcurves)? Recently, M 87 has been detected by the Fermi LAT instrument at
MeV/GeV energies41 (Fig. 5), which allows to access a new window in the electro-
magnetic spectrum and underlines the importance of the MWL approach in order
to study the relativistic emission processes from radio galaxies such as M 87.

Beilicke 2010, IJMPD,19, 06



2010 Campaign

• Joint VHE monitoring campaign by MAGIC & VERITAS with 
tied in ToO observations triggered by a VHE high state

• 1st trigger by MAGIC in Feb. (ATel #2431)

‣ Higher flux state but no strong flare

‣ EVN follow up observations (see next talk by Gabriele Giovanni)

• 2nd trigger by MAGIC & VERITAS in April (ATel #2542)

‣ H.E.S.S. started observation Apr. 9 and could confirm high state

‣ Full MWL campaign triggered

‣ Chandra (D. Harris), Swift (B. Giebels),
RXTE, Fermi,  VLBA (C. Walker et al.), 
EVN, optical polarimetry (B. del Almeida), ...
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Summary & Conclusion

• Radio galaxy M 87

‣ Laboratory to probe the origin of VHE emission from SMBH and 
relativistic jets

• 2008: H.E.S.S., MAGIC, VERITAS + VLBA, Chandra

‣ VHE flare detected, coinciding with rise in radio core and enhanced X-ray 
core flux

‣ Indication for origin of VHE emission very close to the SMBH (<100Rs)

• 2010: MAGIC, VERITAS, + ToO (H.E.S.S., VLBA, Chandra, ...)

‣ VHE high state (Feb) and flare (April) detected (ATel #2431,#2542)

‣ MWL campaign triggered (Radio, X-ray, optical polarimetry, ...)

‣ Analysis ongoing
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Backup



VLBA radio observations

• VLBA observations at 43 GHz

‣ Movie project: 13 shots in 2007, 
every three weeks; 14 shots in 2008, 
every 5 days

• Resolution: 0.21x0.43 mas 
~30x60 Rs !!!

13C. Walker et al. 09

VLBA

Acciari et al. 2009, Science Express, Jul 2

~0.2 pc


